Passer (Old World sparrows) have been studied with species covering their complete world living range. Mitochondrial (mt) cyt b genes and pseudogenes have been analyzed, the latter being strikingly abundant in genus Passer compared with other studied songbirds. The significance of these Passer pseudogenes is presently unclear. The mechanisms by which mt cyt b genes become pseudogenes after nuclear translocation are discussed together with their mode of evolution, i.e., transition/ transversion mitochondrial ratio is decreased in the nucleus, as is the constraint for variability at the three codon positions. However, the skewed base composition according to codon position (in 1 st position the percentage is very similar for the four bases, in 2 nd position there are fewer percentage of A and G and more percentage of T, and in 3 rd codon position fewer percentage of G and T and is very rich in A and C) is maintained in the translocated nuclear pseudogenes. Different nuclear internal mechanisms and/or selective pressures must exist for explaining this nuclear/mitochondrial differential DNA base evolutive variability. Also, the phylogenetic usefulness of pseudogenes for defining relationships between closely related lineages is stressed. The analyses suggest that the primitive genus Passer species comes from Africa, the Cape sparrow being the oldest: P. hispaniolensis italiae is more likely conspecific to P. domesticus than to P. hispaniolensis. Also, Passer species are not included within weavers or Estrildinae or Emberizinae, as previously suggested. European and American Emberizinae sparrows are closely related to each other and seem to be the earliest species that radiated among the studied songbirds (all in the Miocene Epoch).
Introduction
The Old World sparrows (genus Passer) are probably the most familiar group of bird species, since their worldwide distribution reflects that of humans. House sparrow (Passer domesticus), Spanish sparrow (P. hispaniolensis), tree sparrow (P. montanus), and others can be regarded as human commensals; also, most Passer species nest in human-made constructions. The relationships among the sparrow species within genus Passer and to other finches (Passeridae and New World sparrows) have not been fully resolved. On the other hand, it is widely believed that Pleistocene temperature variations (glaciations) and subsequent isolation are the most important factors provoking the appearance of new extant bird species (Gill 1995) . Recent contradictory evidence suggests that speciation of some genera and orders may have already occurred a long time ago (Chiappe 1995; Feduccia 1995; Hackett 1996; Hedges et al. 1996; Härlid et al. 1997) , particularly in Passerines (Klicka and Zink 1997) and in Carduelinae (Marten and Johnson 1986; Fehrer 1996; Arnaiz-Villena et al. 1998 , 1999a . In the present work, we have collected Passer and other related species samples from around the world (Passeridae; Sibley and Monroe 1990) in order to sequence an orthologous gene from each of them: the mt cyt b (924 bp). Mitochondrial DNA has proven to be helpful for defining the evolutionary relationships among relatively distant and closely related birds (Arnason and Gullberg 1994; Seutin et al. 1994) ; thus, we have also aimed to study the relatedness of these bird species in the context of the paleogeography and molecular clock timing, in order to get an overall picture of the evolution and the relative time of origin of these birds (Paturi 1991, pp. 284-496; Smith et al. 1994; pp. 24-39; Cox and Moore 1995, pp. 134-276) . In addition, the genetic relationships between some of the Passeridae subfamilies (Sibley and Monroe 1990; i.e., Passerinae, Ploceinae, Estrildinae) have been studied. New and Old World Emberizinae sparrow-like finches are also used for determining the corresponding phylogenetic relationships. Finally, the very striking observation that many mitochondrial cyt b (probably nuclear) pseudogenes were only found at very high frequency in genus Passer species among the Passerine birds is discussed in the light of the evolutionary significance and phylogenetic usefulness of this observation.
Materials and Methods
Bird samples come from species and places that are described in Table  1 . GenBank sequence accession numbers are also given. Blood from living birds was drawn after photographing and cutting the claws locally anesthetized with a lidocaine ointment. Blood was collected in EDTA cooled at 4°C and frozen until use. DNA was obtained and mitochondrial cytochrome b gene (mt cyt b) (924 DNA bases) was amplified with primers L14841 5Ј-AAAAAGCTTCCATCCAA-CATCTC AGCATGATGAAA-3Ј and H15767 5Ј-ATGAAGGGAT-GTTCTACTGGTTG-3Ј as detailed by Edwards et al. (1991) . At least two birds per species were sequenced in order to discard any variation (Sibley and Monroe 1990) . among individuals. Polymerase chain reaction (PCR), cloning, and automatic DNA sequencing were performed as previously described (Edwards et al. 1991; Arnaiz-Villena et al. 1992) . At least four clones from each of two different PCRs were sequenced from each species in order to assess both PCR and DNA sequencing quality. For comparing the specific existence of mitochondrial nuclear pseudogenes in genus Passer, 120 other species belonging to Order Passeriformes (including 20 different genera), and the following families/subfamilies: Corvidae, Dicrurinae, Vangini, Turdinae, Muscicapinae, Sturnidae, Polioptinilae, Paridae, Alaudidae, Passerinae, Ploceinae, Estrildinae, and Fringillidae were tested (Arnaiz-Villena et al. 2001) . Eight mt cyt b clones were analyzed for each bird and an average of five clones per individual were suitable to be fully analyzed in the automatic sequencer because an average of one to three clones showed PCR mistakes and were discarded. Three different phylogenetic tree-constructing methodologies were used to confirm independently the robustness of the topologies (Härlid et al. 1997) : unweighted parsimony, neighbor joining (NJ), and unweighted pair group with arithmetic mean (UPGMA). The matrix of genetic distances for the NJ tree was obtained by the maximum-likelihood method, and Kimura two-parameter distances were used for the UPGMA dendrogram. The UPGMA tree was also obtained for estimating relative coalescence times from known outgroups' divergence times (Vincek et al. 1997) . Times of species divergence are only a rough and relative estimate. Maximum parsimony (MP), NJ, and UPGMA dendrograms and their corresponding biparametric distance matrices were obtained with the PAUP*4.0b2 program, kindly provided by D.L. Swofford (1996) . The following statistical calculations were carried out: (1) number of substitutions of the two group of sequences, mitochondrial and nuclear, (2) their transitions and transversions ratios, and (3) the base composition according to codon position in both genes and pseudogenes. Bootstrap values were calculated to test the topology robustness of trees (Felsenstein 1985) , and low-bootstrap value branches are shown because a similar tree branch topology is obtained by at least two different tree construction methodologies, as suggested by Edwards 1995. The LINTRE test was also performed in order to test the molecular clock homogeneity among all lineages used in our analyses (Takezaki et al. 1995) ; thus, linearized trees were obtained, which reestimate the branch lengths under the assumption of a constant rate of evolution. The computer software used for these calculations can be obtained from the web site: ftp:// ftp.bio.indiana.edu/molbio/evolve/lintr/ or http://cib.nig.ac.jp/dda/ ntakezak.html.
The universal criteriun for defining a Passer pseudogene as such is the existence of a stop codon at position 77 (nuclear reading code). In addition, different anomalies occur, such as deletions (see below).
In order to show the evolutionary difference between mt and nuclear pseudogenes, pairwise comparisons of species represented by both the mt sequence and the nuclear counterpart were done ( Table 2 ). The mean sequence divergence was also calculated for each data partition by adding the respective pairwise divergences (%) and divided by the total number of comparisons done (see Table 2 ).
Results and Discussion

Patterns of Base Substitution
Saturation was considered to have occurred in any of the data partitions if the scatter of points showed a levelling off of mutations as sequence divergence increased. Saturation plots for cyt b DNA (Fig. 1) indicated that only third position transitions showed a clear levelling off associated with saturation; this occurred at about 13% uncorrected total sequence divergence (Passer/Petronia) and at sequence divergences of more than 13% in the comparisons of Passer/Gallus (see Fig. 1 ). Assessment of saturation gave similar results by using Kimura's two parameter distances. Also, the number of variable and phylogenetically informative sites (403 and 278, respectively, out of 924 mt cyt b DNA bases), between the birds described in Table 1 , was appropriate to establish sound phylogenetic comparisons (Hillis et al. 1994) .
The nucleotide distribution pattern of the mt cyt b gene of the Passer birds under study was similar to the pattern found in a previous analysis of this gene in birds and mammals (Kornegay et al. 1993) . At the first codon positions, the four bases were equally distributed; at the second position, fewer G residues and a higher amount of T were seen. At the third codon position, the bias against G and T was strong, as previously found by others (Edwards et al. 1991; Kornegay et al. 1993 ). This bias in base composition was similar in all species studied (results not shown). Thus, our parsimony methodology seems to be adequate for all species studied (Lockhart et al. 1994) . Our cyt b gene variability was theoretically sufficient to establish phylogenetic relationships according to the number of phylogenetically informative sites (Hillis et al. 1994) ; most of the differences were silent substitutions, as expected for a protein-coding gene, particularly for close relatives, such as species within a single genus, i.e., Passer, (Kocher et al. 1989) . Within species variability of the mt cyt b sequence was very low in the Passer species tested (between 0.0 and 0.1%). Our data are concordant with those already published (Avise and Ball 1991) . Therefore, within species variability was not likely to interfere with interspecific comparisons which were in a higher range (see Fig. 2 ).
As expected for gene evolving relatively rapidly under strong functional contraints, most (53%) of the third codon positions among Passer species, in which substitutions are often silent, were variable. By contrast, relatively few of the first and second positions, (9% and 1%, respectively) were variable. Therefore, more than threequarters (84%) of the variable sites occurred in third positions of codons. A similar evolution rate for the mt cyt b DNA was found in the subfamilies Estrildinae, Ploceinae, and Emberizinae (56% of variable sites in the third position of codons, and 15% and 6% of the first and second positions, respectively, were variable; results not shown). Also, an attempt to estimate the relative tempo of evolution of Passer and other sparrows and finches was undertaken: in order to estimate the tempo of evolution, the calculations done by Takahata, Klein, and ourselves (Vincek et al. 1997 , Arnaiz-Villena et al. 1998 , 1999a to assess the time of appearance of Darwin's finches, canaries, and goldfinches were followed. An UPGMA dendrogram ( Fig. 2 ) was constructed because this type of phylogenetic tree is more suitable for estimating coalescence times than other methods, particularly when a molecular clock exists (shown in this case by the LINTRE test, see below) (Nei 1987) . The UPGMA tree was obtained by comparing the mt cyt b DNA sequences of the pheasant (Wittzell et al. 1994 ) and the chicken (Zoorob et al. 1990) , two species that have diverged around 18 MYA (Helm-Bychowski and Wilson 1986), not shown in Fig. 2 . The mt cyt b comparison of genus Passer yields an evolutionary rate (per lineage) of 0.68 × 10 −9 nonsynonymous substitutions per nonsynonymous site per year and 1.41 × 10 −8 synonymous substitutions per synonymous site per year, so that the overall rate is 4.0 × 10 −9 ± 0.26 (Vincek et al. 1997) . This results in a substitution rate of 0.4% per million years, which leads to a rough approximation to the 4% of nucleotide substitution per lineage between the most distant Passer species. Taking into account that the Passer mt DNA substitution rate was found between the most distant species (approximates to 4%), the Passer radiation seems to have started shortly before that of Serinus and Carduelis genera (Arnaiz-Villena et al. 1999a and unpublished) , about 11 MYA (not shown in Fig. 2) . However, the substitution rate found by us (0.4% per million years) differs from the standard 2% per million years. Also, cranes show a faster rate of nucleotide substitution, closer to our results found in Carduelis, Serinus, and Passer; (about 1%) (Krajewski and King 1996). Notwithstanding, the calculation of species divergence times needs to be confirmed by other methodologies and with additional species in this particular study and others (i.e., Härlid et al. 1997 ). In the later study, Passerines are found to be older than paleognathous birds; also, the relative close-to-Passer Carduelini (Carduelis, Serinus, and others) species are considered nearly as old as Passer (Marten and Johnson 1986; Fehrer 1996; Arnaiz-Villena et al. 1998 , 1999a , 2001 .
The use of either Chaffinch or chicken and pheasant as outgroups would seem to be correct, because only third position transitions appear to be saturated (Fig. 1) . Notwithstanding, the LINTRE computer program (Takezaki et al. 1995) was used to assess constancy of evolutionary rates among the used bird lineages. The "two cluster test" shows that the pseudogene cluster (with the exception of P. hispaniolensis pseudogene which clusters with the genes, see Fig. 2 and Fig. 3) evolves with a significantly different rate (>1%). Other analyzed sequences do not show a significant heterogeneity of evolutionary rate. Two linearized trees were obtained (one for the genes and one for the pseudogenes) by also using the LINTRE software; these trees do not shown significant differences from our UPGMA tree in branch length (Fig. 2) and their topology was also identical. This supports the fact that a constant evolutionary rate there exists among different gene sequences and the validity of our time calculations.
Phylogeography of Passer species
In the present work, the complete geographical range of Old World sparrows distribution is covered with the studied species (i.e., Africa and Eurasia) ( Table 1 ). The African grey-headed (P. griseus) and black-headed (P. melanurus) sparrows together with the Saxaul sparrow (P. ammodendri) seem to form a different clade in relation to the other sparrows in all the trees (Figs. 2, 3a,  3b ). This clade seems to have originated earlier (Fig. 2) and this grouping suggests that (1) Saxaul sparrow may also have had its living range in the African desserts at UPGMA methodology tends to perform poorly if the assumption of equal rate of cyt b evolution among species does not reflect their actual evolution; however, LINTRE test shows that a molecular clock exists (see text). Also, it seems to perform correctly in the closely related bird species used for this work since groups of taxa are similar to those obtained in NJ and parsimony dendrograms (see Fig.  3 ). Bird species used are detailed in Table 1 ; Ps: note that the P. h. hispaniolensis pseudogene cluster with the genes (see text). The absolute timing is uncertain; however, our data support the Miocene/ Pliocene species appearance. one time (Sahara, Arabian Peninsula) and (2) Old World sparrows originated in Africa. The five species of African grey sparrows may all belong to one species (Summers-Smith 1988). The species studied by us (P. griseus) is related to the Cape Sparrow (P. melanurus) (Figs. 2,  3a, 3b) , the latter living only in the southern Sahara African range where grey sparrows do not thrive (except P. diffusus).
The oldest genus Passer species seems to be the South African P. melanurus (Cape sparrow) (Fig. 2) ; it also clusters together with the African species P. griseus (grey-headed sparrow). The latter is a representative of the grey-headed sparrows group, which thrive from the South Sahara down to South Africa. Other Passer species should also be tested, particularly African ones (although our study includes representatives for each African group, i.e., grey-headed, yellow ones). P. luteus lives in Africa in a land band just bellow the Sahara Desert (Sahel) from the East to the West Coast (Summers-Smith 1988); its position in the phylogenetic trees is ambigous.
It may or may not be closely related to the other African sparrows. However, it is clear that the claims that P. luteus does not belong to genus Passer is not supported by our genetic data. It may have originated in Sudan and might have expanded from West to East following the hunter-gathered Cushitic people emigration (McEvedy 1980; Summers-Smith 1988) . P. ammodendri (the single sparrow species, other than P. melanurus, that has a black nape) is tightly linked to P. melanurus; this could have given rise to mutation(s) that diluted melanin at various parts of the head and body and could have originated the grey-headed sparrows, including the P. griseus group-P. ammodendri and P. domesticus (grey-patched head). P. ammodendri is now restricted to the Asian deserts but may have also been originated in Africa and inhabited its deserts in the past, like P. simplex (with which it shares a common living range in Asia) (Summers-Smith 1988) . P. ammodendri may have been displaced by a recent introduction of P. simplex in Africa.
The origin of genus Passer is likely to be confined to Fig. 3 . Maximum unweighted parsimony tree. Heuristic search was used (PAUP). Only one tree was the best parsimonious. Consistency and retention indexes were 0.57 and 0.57, respectively. The majority rule bootstrap consensus tree of mt cyt b genes and nuclear pseudogenes is shown. First, second, and third codon bases were used unweighted. Parsimony was used unweighted because weighting is only recommended for greater amounts of evolutionary divergence, which are not expected among the relatively closely related species analyzed (Hillis et al. 1994) . Parsimony bootstrap analysis was done with 1,000 replications, and values (in percent) shown above branches. The number of events is shown underlined below branches. Bird species used are detailed in Table 1 . Ps: Note that the P. h. hispaniolensis pseudogene clusters with the genes (see text). b. Neighbor-joining bootstrap tree (1,000 replications) based on 924 bases of cyt b genes and nuclear pseudogenes. Bootstrap values are shown above branches; branch lengths (× 1,000) are shown underlined below branches. The evolutionary model used was "the minimum evolution." Distance matrices were calculated based on maximum likelihood analysis (Swofford 1996) . Bird species used are detailed in Africa because of the highest number of extant species on this continent (Summers-Smith 1988). Our results agree with this assertion, P. melanurus being the oldest extant species: it would have been the origin of greyheaded African sparrows (including P. domesticus) and also yellow and other Paleartic bab-sparrows. It has been postulated that the bab-sparrows have probably arisen at the Nile or Rift Valley and followed the human expansion towards Eurasia, giving rise to all Eurasian babspecies (Summers-Smith 1988) . That this could have happened would be more feasible if the human expansion had occurred much earlier than thought (5 million years ago. Not shown; see Fig. 2 ). P. rutilans (Asia) seems to be the oldest of the Eurasian sparrows although its phylogenetic placing within the genus is undefined (Figs. 2, 3a, 3b) . The genus Passer is strongly associated with man, since most of species nest on man-made buildings.
Passer domesticus and P. hispaniolensis cannot be distinguished osteologically and their ancestor may have appeared 4 MYA ( Fig. 2 and not shown). Fossil evidence for this precursor is found 350,000 years ago in Palestine (Summers-Smith 1988). However, the Pleistocene origin for sparrows (this paper) and other Passerines (including Serinus and Carduelis; Klicka and Zink 1997; ArnaizVillena et al. 1998 ArnaizVillena et al. , 1999a could be placed much further back into the Miocene or Pliocene Epochs, Pleistocene being more important in subspeciation. Our Fig. 2 suggests that P. domesticus and P. hispaniolensis subspeciation may have occurred in the Pleistocene. However, Passerines appearance timing are still much debated and a Pleistocene origin for species is also suggested (Avise and Walker 1998).
The following conclusions about the much debated systematic uncertainties within Old World sparrows (Summers-Smith 1988) have been reached in the present study:
1) The origin of genus Passer seems to be African because the highest number of extant species is African and our phylogenetic results are also suggestive (Figs. 2, 3a, 3b) ; this is in accordance with Summers-Smith 1988. P. melanurus or other related extinct species might be the parental one. 2) P. melanurus (Cape sparrow) is found to be related to the grey-headed African sparrow and also to P. ammodendri (Saxaul sparrow) (Figs. 2, 3a, 3b ). All three species males have melanic pigmentation in the head crown and nape (Figs. 2, 3a, 3b) . Also, P. domesticus may be included in the grey-headed sparrows because of its grey head crown (Fig. 2, picture) , although no precise placement is found in our phylogenetic trees, probably because more African species need to be studied. 3) P. hispaniolensis italiae is probably a P. domesticus (grey head crown) subspecies according to the respective branch lengths observed in NJ and MP dendrograms ( Fig. 3a and 3b) and not a P. hispaniolensis subspecies (brown head). This is in accordance with the classical view, but not with more recent opinions (Summers-Smith 1988) . P.h. italiae (brown head) may have arisen from P. domesticus (grey head crown) by hybridization or divergence/speciation.
On the other hand, the relationships of Old World sparrows (G. Passer) to other Passeridae: Old and New World Emberizinae sparrows, weaver birds (Ploceinae), and Estrildinae have been studied. Rock sparrow (genus Petronia) is the closest relative studied to Old World sparrows within the Subfamily Passerinae; Petronia is more robust in appearance and has specialized habitat requirements (drier and more arid areas). Its distribution is African and Euroasiatic and according to Figs. 2, 3a , and 3b, seems to be the sister group to genus Passer but stands as a separate lineage (Clement et al. 1993, pp. 442-468) . African Passeridae, Lonchura cucullata (Estrildinae), and Quelea cardinalis (a weaver-bird, Ploceinae) clade together corroborating their relatedness; however, genus Passer is not included within the Ploceinae (Figs. 2, 3a, 3b ) in contrast to the suggestion of previous studies in which they were included within weavers by some authors based mainly on skeletal characters, nest building, and DNA hybridization (Summers-Smith 1988) . Emberizinae are also separate from Passer in spite of suggestions to join both families according to egg-white protein studies (Summers-Smith 1988) . Fringilla coelebs (the cropless Chaffinch) is closer to Lonchura and Quelea than to the Emberizinae in the UPGMA and NJ dendrograms; however, it stands as a separate lineage in the parsimony tree. It is clear from all the trees that Old and New world Emberizinae sparrows represent a separate (and single) radiation compared to both Passeridae family and Chaffinches (Fringillidae). This is concordant with the fact that other Fringillidae (Goldfinches and Canaries, Arnaiz-Villena et al. 1998 , 1999a do not cluster with any finch of the Passeridae family (Sibley and Monroe 1990), described in this paper (ArnaizVillena et al. 2001, and unpublished results) . Also, the American species Spizella passerina may represent the oldest split within the Emberizinae (Fig. 2) ; this may suggest that Emberizinae finches originated in America, although the study of more species is needed.
Abundance of Nuclear Mitochondrial cyt b Pseudogenes in genus Passer and Their Characteristic Mode of Evolution
Mitochondrial DNA fragments have been found in the nuclear DNA of yeast, locust, Podospora, sea urchin, maize, rat, human (Fukuda et al. 1985) , and birds (Arctander 1995, for review see Blanchard and Lynch 2000) . Although the mtDNA fragments seem to have been continuously integrated into nuclear DNA during evolution, the evolutionary significance and mechanisms of such phenomena are unclear. The present study describes for the first time the relative abundance of integrated mt cyt b pseudogenes among species of a single genus (Passer). The different types of alterations found in Passer mt cyt b pseudogenes are depicted in Fig. 4 . About 610 Passerine mt cyt b DNA clones have been sequenced and studied in our laboratory during the last few years (see Materials and Methods) and we only found pseudogenes within genus Passer species. Not even a single pseudogene has been detected in other Passerine (or non-Passerine) species (Arnaiz-Villena et al. 2001) , including Carduelis, Serinus (Arnaiz-Villena et al. 1998 , 1999a , and in any other related-to-Passer genus, like the ones studied in the present paper. Also, a Fischer test was performed: 0 pseudogenes found in 610 clones belonging to non-Passer finches were compared with 39 pseudogenes found in 65 clones belonging to Passer species; P < 0.00001 was obtained, supporting the fact that the pseudogenes finding in Passer species was not due to chance. In fact, the number of pseudogene and gene clones obtained were, respectively: P. domesticus (4 and 5), P. luteus (4 and 5), P. h. hispaniolensis (1 and 3), P. griseus (3 and 6), P. h. italiae (3 and 3), and P. ammodendri (24 and 4).
Our phylogeny suggests that the most ancient anomaly (Fig. 4) in pseudogenes is a stop signal at codon 77 seen in P. griseus, P. ammodendri, P. luteus, P. domesticus, and P. hispaniolensis italiae. This stop codon only appeared because of the mitochondrial-to-nuclear translocation itself in the first three species: it is a stop codon in the nuclear code, but not in the mitochondrial one (see Fig. 4 caption) . It may have first occurred in P. griseus (or any of the African grey-headed group) after separation of the P. melanurus lineage or their extinct ancestor(s). Fourteen clones have been studied in P. melanurus and no pseudogene has been found, but there is still the possibility that pseudogenes are present in all Passer lineages and they have not been found by us in some species by chance. The fact that both P. hispaniolensis italiae and P. domesticus have this first stop codon because of a true base change (TGG→TGA, see Fig. 4 caption) further corroborates that their relatedness is closer than that of P. hispaniolensis hispaniolensis and P. hispaniolensis italiae because the former has a different stop codon (Fig. 4) . Thus, evolutive pressures at codon 77 exist to render it as a stop signal in both of these species. Position 77 is placed on the extramitochondrial region of the molecule (Fig. 4) and it shows a low change rate and probably is an integral part of the Qo redox core; most of the outer surface is implicated in the Qo redox center and this appears to be a major contributor to the reduced evolutionary rate for the outer surface (Howell 1989) . Deletions may be secondary to the appearance of this 77 stop codon. A number of stop codons may only be generated because of the putative mitochondrial/nuclear translocation (Fig. 4, caption) , once the codon 77 is read as "stop," the translocated DNA may escape then to the translation and transcription gene machinery control.
The fact that P. griseus and P. ammodendri show the highest number of anomalies in pseudogenes also supports the fact that they belong to the oldest group of sparrows (Fig. 4) . A stop codon at 113 has been found in the P. h. hispaniolensis pseudogene (Canary Islands) and codon 77 was not a stop codon either in mitochondrial or nuclear reading code in this particular bird. This pseudogene clusters with the normal mt cyt b genes in the dendrograms (Figs. 2, 3a, 3b) , suggesting that the translocation has occurred independently and more recently in the relatively isolated Canary Islands sparrow populations and that the pseudogene is in the process of accumulating more differences with respect to its mitochondrial gene. This pseudogene has been detected in three unrelated birds.
Pseudogenes may also be useful to ascertain phylogenies in birds; because the nuclear copy has a slower substitution rate, it is more likely to be more similar to the ancestral form (Fukuda et al. 1985; Arctander 1995) . In fact, original African sparrows (P. griseus and P. ammodendri) cluster together and are separated from P. domesticus and P. h. italiae, the latter being a subspecies of the former (Figs. 2, 3a, 3b) . P. luteus is probably linked to the Mediterranean sparrows (in its origin) (Summers-Smith 1988), i. e., to P. domesticus which probably thrived close to the first urban nucleus around the once fertile Sahara (Arnaiz-Villena et al. 1999b ) and/ or the Nile Valley (Summers-Smith 1988). Also, higher bootstrap values are found in the pseudogene tree (as previously described by Arctander 1995) ; this may help to define phylogenetic relationships between closely related species, as in our case.
Evolutive constrictions has also been observed in the Passer nuclear pseudogenes. First and second codon position substitutions in mitochondrial genes of six species amounted to 137, whereas third codon position substitutions amounted to 756 (ratio 756/137 ‫ס‬ 5.5). In the case of 6 nuclear pseudogenes (each belonging to a different species), first and second codon position substitutions were 323 and third codon position substitutions were 381 (ratio 381/323 ‫ס‬ 1.18). A constriction for third codon position substitution was clearly found in the nuclear mitochondrial pseudogenes and also a higher constriction at the first and second codon positions was observed, when compared with the mt genes. Arctander (1995) did not distinguish the substitution rate according to codon position because his data set did not contain several species within a single genus. In addition, and in order to gain a more complete picture for the mode of evolution of mitochondrial pseudogenes in birds, the nucleotide distribution patterns of the mt cyt b genes and pseudogenes were analyzed and found to be similar in both nuclear pseudogenes and mitochondrial genes to the patterns found by others for mt cyt b in birds and mammals (Kornegay et al. 1993; Hackett 1996; Arnaiz-Villena et al. 1998; 1999a) . At the first codon positions, the four bases were equally distributed; at the second position, fewer G residues and a higher amount of T were seen. At the most variable third codon position, the bias against G and T was strong, as previously found by others (not shown, Edwards et al. 1991; Kornegay et al. 1993 ). Thus, it may be postulated that the evolutive mechanisms that maintain general constraints for both functional DNA and pseudogenes variation and reduce the DNA base change rate are different from those that preserve the specific skewed base variation; the latter, and not the former, are universally maintained (both in nucleus and mitochondria) in mammals and birds. This is confirmed by our results in Passer species (not shown). The ts(498)/tv(232) ratio in six Passer pseudogenes was 2.14 and the same ts(738)/tv(155) ratio in six Passer genes was 4.80; this relative constriction for transitions (or the lack of bias against transversion) that occurs in the bird nucleus for a mt gene was also found by others (Arctander 1995) .
The evolutionary difference (% mean sequence divergence) is lower in pseudogenes (5.6%) than in genes (6.9%) (Table 2) ; however, the pseudogene mean difference is much lower (3.6%) if P. h. hispaniolensis pseudogene is left out. This pseudogene clusters with genes in the dendrograms (Figs. 2 and 3 ) and is supposed to have recently been translocated into the nucleus, thus showing only a few anomalies (see above).
The evidences suggesting that we are dealing with nuclear pseudogenes are shown in Fig. 4 . This is also shown by the distinctive mode of mitochondrial and nuclear gene evolution, i.e., ts/tv ratio, nuclear constraints for DNA base variability, and phylogenetic studies that show how they cluster together in dendrograms (Figs. 2, 3a, 3b, Arctander 1995) . Therefore, it may be postulated that translocation of mitochondrial genes to the nucleus is a common phenomenon in nature (Fukuda et al. 1985; Collura and Stewart, 1995; Blanchard and Lynch 2000) , and may occur together with the generation of genera and species i.e., in our genus Passer it is not found in the postulated ancestor species (Petronia) and other species. The pathway of mtDNA integration into nuclear DNA is mediated by mechanisms similar to those seen in the case of Simian Virus 40 integration to nuclear DNAs, but not to those observed in retroviral integration (Fukuda et al. 1985) . By studying closely related species like genus Passer, a possible sequence of events may be hypothesised for the evolutionary change of nuclear mt cyt b DNA:
1) The nuclear reading code detects stop codons (either caused only by a mt-to-nucleus translocation or by independent true base changes).
2) The new mtDNA integrated into the nucleus escapes the control of normal nuclear genes repairing machinery. 3) Scattered deletions are established.
It is possible that the mitochondrial genes may already arrive to the nucleus with promoter anomalies, but the possibility that the priming sites (for PCR amplification) in genus Passer are different from other Passerines may be ruled out since our primers attach to the mt cyt b coding DNA (Arnaiz-Villena et al. 1998 , 1999a .
A more general inference may be drawn from the present work: mt pseudogenes bird phylogenies are more robust with pseudogenes (also found by Arctander 1995) and the conjoint evolutive analysis of genes and pseudogenes may help to unveil the mechanisms by which mt pseudogenes come into the nucleus and to follow their evolution thereafter.
Finally, it is not clear why genus Passer accumulates a high number of nuclear mtDNA pseudogenes and other closely related bird species do not (Arnaiz-Villena et al. 1998 , 1999a , 2001 ). The only general characteristic of genus Passer is that they have become human commensals. This may have rendered these finches more exposed to xenobiotics. It might be hypothesized that popullants may have driven the mtDNA integration to the nucleus through processes that damaged mitochondria in the first place. Indeed, the amount of mtDNA in human genome is high (Fukuda et al. 1985) .
